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Recent discovery of type-I Weyl fermions in the TaAs class of materials has generated a flurry of new research directions [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . Many important predictions including Weyl cone, Fermi arc, chiral anomaly effect, and novel quasiparticle interference (QPI) were experimentally observed [10] [11] [12] [13] [14] [15] [16] [17] . Very recently, a new type of Weyl quasiparticle was predicted in WTe 2 , MoTe 2 and their alloys [18] [19] [20] [21] . The novelty is that this type (type-II) of Weyl fermions breaks Lorentz symmetry, and thus can not exist as a fundamental particle in nature. Such an excitation can emerge in a crystal as low-energy quasiparticles. Theory predicts that type-II Weyl semimetals host a number of unusual effects, e.g. a new type of chiral anomaly, unconventional anomalous Hall effect and interaction-induced emergent Lorentz invariant properties, which are not possible in type-I Weyl semimetals [22] [23] [24] . Thus the experimental investigation of the MoWTe-class of materials is desirable.
Scanning tunneling microscopy/spectroscopy (STM/S) is a vital tool for the investigation and illumination of various key properties of a topological matter [25] [26] [27] [28] [29] . The Fermi arc surface state, which is the topological fingerprint of Weyl semimetals, is predicted to exhibit exotic interference behavior in tunneling spectroscopy and magneto-transport measurements [30] [31] [32] [33] . Another unique property of a Weyl semimetal is the topological connection. An electron in a Fermi arc surface state, when moves to (or is scattered to) the Weyl node, will sink into the bulk and travel to the opposite surface [30] . These features are interesting in connection to their QPI.
We employed low temperature STM/S to investigate the QPI patterns in Mo x W 1−x Te 2 .
The Fermi arc-derived quantum interference patterns are identified. We also performed comprehensive first-principle band structure calculations and QPI simulations on this material for the first time. Combination of our experimental and theoretical results reveals signatures of the predicted unique topological connection in this material.
Single-crystalline Mo 0.66 W 0.34 Te 2 samples were grown by chemical vapor transport method. After being cleaved at 79 K, they were transferred in vacuo to STM (Unisoku) at 4.6 K. dI/dV signals were acquired through a lock-in technique with a modulation at 5 mV and 1 kHz. Experimental QPI maps were generated by symmetrizing the Fourier transformed dI/dV maps ( surface. There are only four point defects observed on the atomically ordered lattice, which confirms the high quality of our samples. In vicinity to the defect (Figs. 1 (c) and (d) ), we observe a butterfly-like protrusion in the empty state image, and a depression area, which breaks the atomic row, in the occupied state. Since Mo x W 1−x Te 2 is naturally cleaved at a Te-terminated surface, the point defect is attributed to a Te-vacancy. From the high resolution STM image of the occupied state ( Fig. 1(e) ), which probes the surface anions, we are able to clearly resolve an array of alternating atomic rows of extended (bright) and As shown in Fig. 2 , the type-I Weyl cone consists of well separated upper and lower branches, and the constant energy contour (CEC) at the energy of Weyl node is a single point. By contrast, the type II cone is a heavily tilted in k-space, leading to the existence of projected bulk pockets (right and left branches of the Weyl cone) on the CEC at the Weyl node energy (and in a large energy range). Mo x W 1−x Te 2 is predicted to be a type-II Weyl semimetal [20] . Here, we focus on a x=0.66 sample. We uncover eight Weyl nodes in total. Four are located at 15 meV above the Fermi level (W 1 ), while the other four nodes sit at 62 meV (W 2 ). On the CEC at 15 meV ( Fig. 2(c) ), we find a typical type-II Weyl semimetal feature, the coexistence of projected bulk states and surface states. According to the penetration depth (see more details in Fig. S2 ), we are able to identify the two bright yellow semi-circular contours in Fig. 2 ) with weaker intensities arise from the inter-BZ scattering and are replicas of the central features (Fig. S4 ).
For simplicity, we restrict our discussion to the intra-BZ scattering (inside the rectangles) in the rest of this paper. At all energies (Fig. 3) , the experimental QPIs show simple and clean patterns, in contrast to TaAs [14] [15] [16] [17] . Specifically, all images consist of only three exactly the same number (three) of QPI pockets at the same locations in Q-space, and thus agree well with the experiments. Additionally, the calculated QPI at 100 meV (Fig. 4(e)) remarkably reproduces all dominant features in the measurement (Fig. 4(b) ), namely, the central ellipse and the two side crescents. Moreover, the crescent displays a "3"-shape rather than a ")" shape, the weak central feature as marked by the red arrow is also reproduced in the simulation in Fig. 4(e) . To further examine the evolution of the QPI features, we study the energy-scattering vector (E-Q) dispersion. In Fig. 4(g) corresponds to the intra-BZ scattering. In this region, the QPI signal displays as a V-shaped dispersion, with the vertex of the V located at Q=0. The linear edges of the Vfeature marked by white arrows refer to the two cutting points on the crescent pocket, which are indicated by white arrows in Fig. 4(b) . Besides this strongly dispersed QPI feature, we also reveal an additional weakly dispersed feature, which is denoted by the red arrow and corresponds to the pocket indicated by the red arrow in Fig. 4(b) . The calculated E-Q dispersion reproduces both features in the experimental data in a wide energy range. Fig. 5(a) , we plot two dominant scattering vectors, namely Q 1 connecting two electron pockets of the projected Weyl cone, and Q 2 connecting the Weyl electron branch and the topologically trivial pocket at theȲ points. In the simulated QPI pattern (Fig.   5(b) ), one can clearly distinguish the Q 1 -and Q 2 -induced features. But the simulated QPI map consists of seven pockets, more than what was observed in experiment (three pockets).
Hence, it can not be a correct interpenetration of our observation. However, the situation is improved by removing the bulk bands and taking only the surface states into account (Fig. 5 (c) ). The surface CEC is comprised only of two large semicircular-shaped contours and four small arc-like pockets. The dominant scattering vectors are Q 3 , which represents the scattering between two Fermi arc derived surface contours, and Q 4 , which links the topological surface state to the trivial state. Both scattering processes involve the electrons in the Fermi arc. Therefore, the Q 3 -and Q 4 -derived QPI features inside the white rectangles in Fig. 5(d) serve as an explicit evidence of the QPI signal from Fermi arcs. In the QPI data in Fig. 5(e) , we indeed observe these features. More importantly, the white rectangles in Figs. 4(d) and 4(e) are located in same positions and are the same size. This proves that we have observed QPI pockets with comparable dimensions appearing at the predicted locations, providing more solid evidence of the detection of Fermi arc in our experiment. The subtle differences in the fine QPI features may originate from the commonly used simple assumptions in the calculation [35] . We emphasize that because Mo x W 1−x Te 2 has a simple band structure, the major feature of the surface-state-derived QPI pattern is robust. In addition, the agreement between our theory and experiment is remarkably good compared to previous QPI results on other materials. (Fig. 5(e) ) suggests that the contribution of the bulk states to the QPI signal is negligible. This can be attributed to the difficulty of establishing an interference between a three-dimensional bulk electronic wave and a two-dimensional surface wave. In other words, when a surface electron, which initially occupies a state in the Fermi arc, is scattered by a point defect into a bulk state, it loses its surface character and diffuses into the bulk. In this sense, the bulk Weyl pocket behaves like a sink of surface electrons, which is a signature of the topological connection between a Weyl cone and Fermi arc [15, 16, 30] . On a type-I Weyl semimetal, the CEC at the energy of Weyl point consists of a point like bulk state, therefore the sinking effect is not prominent. By contrast, the type-II Weyl cones are heavily tilted, which gives rise to large areas of projected bulk pockets, and thus, this phenomenon should be more pronounced on a type-II Weyl semimetal surface.
In summary, we present theoretical QPI simulations and STM results on Mo x W 1−x Te 2 illustrating its complex electronic structure for the first time, which are complementary to the recent ARPES measurements [36, 37] . Our QPI measurements directly discern the topological Fermi arcs. Taken together, our calculations and experiment data suggest that the interference pattern is dominated by surface states, whereas the contribution from bulk states to QPI is negligible, indicating the topological connection between the Weyl bulk states and Fermi arc surface states. Our results on Mo x W 1−x Te 2 establish a platform for further study of novel spectroscopic, optical, and transport phenomena that emerge in this compound.
After the completion of this theoretical plus experimental STM paper, we became aware of partial experimental STM data in a concomitant mainly-ARPES paper [38] . 
